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I. INTRODUCTION 



The Be meson was first discovered by CDF collaboration at Fermilab [l[ in 1998. At present, 
a more precise measurement of its mass and life time is available in Particle Data Group (PDG) 
13 i.e. Mb, = 6.277 ± 0.006 GeV and tb, = (0.453 ± 0.042) x lO'^^ s_ believed that LHC-b 
is expected to produce 5 x lO^'' events per year which is around 10% of the total B meson 

data. This will provide a rich amount of information regarding Be meson. 



The Be meson is a unique Standard Model (SM) particle which is quark-antiquark bound state 
(be) consisting two heavy quarks of different flavors and, therefore, is flavor asymmetric. The study 
of Be meson is of special interest as compared to the flavor-neutral heavy quarkonium (66, cc) 
states, as it only decays via weak interactions, while the later predominantly decays via strong 
interactions and/or electromagnetic interactions. The decay processes of the Be meson can be 
divided into three categories involving: (z) decay of the 6 quark with c-quark being spectator, 
(a) decay of the c quark with 6-quark being spectator, (Hi) the relatively suppressed annihilation 
of 6 and c which is ignored in present work. One can find several theoretical works based on a 
variety of quark models I? -18] for the semileptonic and nonleptonic decays of Be emitting s-wave 
mesons, pseudoscalar (P) and vector ( V) mesons. A relatively less attention has been paid to 
the p-wave meson emitting weak d ecay s of B^ meson jl9l425l|. In recent past, several relativistic 
and non relativistic quark models [3 19-22] are used employing factorization approach to 



calculate branching ratios (BRs) of Be meson decaying to a p-wave charmonium (cc) in the final 
state. Most recently, Salpeter Method [3] and Improved Bethe-Salpeter Approach 25] are used to 
probe non-leptonic decays of Be meson. On experimental side, more measurements regarding Be 
meson will be available soon at Large Hadron Collider (LHC), LHC-b and Super-B experiments. 
A high precision instrumentation at these experiments may provide precise measurement of BRs 
of the order of (10~^), which makes study of Be meson decays more interesting. 



The developing theoretical and experimental aspects of the Be meson physics motivate us to 
investigate weak hadronic decays of Be meson emitting vector ( V) and axial-vector (A) mesons in 
the final state. We employ the improved Isgur-Scora-Grinstein-Wise quark model (known as ISGW 
II Model) 26|, |27| to obtain Be ^ A transition form factors. Using the factorization approach, we 
calculate the decay amplitudes and predict branching ratios of Be — )• VA/AA decays. For Be ^ V 
transition form factors we rely on our previous work 18|] based on flavor dependence effects in 
Bauer-Stech-Wirbel (BSW) model frame work 28]. 



The presentation of the article goes as follows. We discuss the mass spectrum and the methodol- 
ogy in Sections II and III, respectively. Decay constants are discussed in Section IV. We present the 
Be ^ A transitions form factor in ISGW II Model and give a brief account for Bc^V transitions 
form factors in Section V, respectively. Consequently, the branching ratios are estimated. Results 
and discussions are presented in Section VI and last Section contains summary and conclusions. 
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II. MASS SPECTRUM 



Two types of axial-vector mesons exist, ^Pi{J^^ = 1^"^) and ^Pi (J^*^ = 1^' ), with respect 
to the quark model qq assignments. These states can exhibit two kinds of mixing behavior: one, 
mixing between ^Pi or ^Pi states themselves; second, mixing among ^Pi or ^Pi states. The following 
non-strange and uncharmed mesons states have been observed experimentally Q]: 

a) ^Pi multiplet consists: isovector ai(1.230) and four isoscalars /i(1.285), /i(1.420), /{(1. 512) 
and Xci(3.511); 

b) ^Pi multiplet consists: isovector 6i(1.229) and three isoscalars /ii(1.170), h'^{1.380) and 
/ici (3.526), where spin and parity of the /ici (3.526) and C-parity of /i'^ (1.380) remain to 
be confirmecjll. 

In the present work, we use the following mixing scheme for the isoscalar (l"*"*") mesons: 

/i (1.285) = — ^{uu + dd) cos (f) A + (ss) sin (p A 
v2 

(1.512) = —={uu + dd) sin (pA — (ss) cos (j)A 
v2 

Xci(3.511) = (cc). (1) 
Likewise, mixing for isoscalar (1"' ) mesons is given by 

/ii(1.170) = —^{uu + dd) cos(/>A' + (ss) sin^^/, 
v2 

/i'^ (1.380) = — r={uu + dd) sin (j) A' — (ss) cos (pA' ^ 
v2 

/ici (3.526) = (cc), (2) 

with 

4'A{A') = 0{ideal) — 9 a(A') (physical). 

It has been observed that /i(1.285) 47r/7?7r7r, /{(1. 512) KKtt, /ii(1.170) pn and h[ 
KK* /KK* predominantly, which seems to favor the ideal mixing for both l"^'^ and 1"' nonets 
i.e., 

4>A = 4>A' = 0°. (3) 

The hidden-flavor diagonal ^Pi and ^Pi states have opposite C-parity and therefore, cannot 
mix. However, their is no restriction on such mixing in strange and charmed states, which are 



^ Here quantities in the brackets indicate their respective masses (in GcV). 
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most likely a mixture of ^Pi and ^Pi states. States involving strange partners of A ( J^*^ = l^"*") 
and A [J^^ = 1^ ) states i.e. Kia and Ki^i mesons mix to generate the physical states in the 
following manner: 



iiri(1.270) = KiAsmOK + Kia> cosOk, 
^1 (1.400) = KiA cos Ok - Kia' sin Ok- 



(4) 



Numerous analysis based on phenomenological studies indicate that strange axial vector meson 
states mixing angle 9k lies in the vicinity of ~ 35° and ~ 55°, see for details 29|. Experimental 
information based on r Ki{1.270) / i^i(1.400) + i^r data yields Or = ±37° and Ok = ±58° 
30|. However, the negative mixing angle solutions are favored by -D — )■ K^(1.270)it /Xi (1.400)7r 
decays and experimental measurement of the ratio of Ki'j production in B decays |3l[ |. Following 
the discussions given in Ref. [29(], which states that mixing angle 9k ~ 35° is preferred over ~ 55°, 
we use 9k = —37° in our numerical calculations. It is based on the observation that choice of angle 
for / — /' and h — h' mixing schemes (which are close to ideal mixing) are intimately related to 
choice of mixing angle 9k. 

In general, mixing of charmed and strange charmed states is given by 



1)1(2.427) =DiAsm9D, +Dia' cos 9d,, 
Z^i (2.422) =DiA cos 9d, -DiA'sm9D„ 



(5) 



and 



L>si (2.460) = DsiAsm9Dsi + Dsia' cos9dsi, 

1)^1 (2.535) = Dsiacos9dsi - ^siA' sin , (6) 

As pointed out in |31|] , for heavy mesons the heavy quark spin Sq and the total angular momen- 
tum of the light antiquark can be used as good quantum numbers, separately. In the heavy quark 
limit, the physical mass eigenstates P^^"^ and P^^'^ with = 1"^ can be expressed as a combination 
of ^Pi and ^Pi states as 



1/2 3/2 

Thus, the states Di (2.427) and D^^ (2.422) can be identified as P^ and P^ , respectively. However, 

1/2 3/2 

beyond the heavy quark limit, there is a mixing between P^' and P^ given by 
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L>i (2.427) = Z)}/^ cos 02 + -0^^ sin 02, 

^1 (2.422) = -D^^ sin 02 + dI^^ 008 02. (8) 
Similarly, for strange charmed axial-vector mesons, 

Z?,i (2.460) = dII^ cos 03 + D^f sin^s, 

^,i(2.535) = -dK^ sm03 + D^f cos^g- (9) 



A detailed analysis by Belle [84] yields the mixing angle 02 = (—5.7 it 2.4)°. while the quark 
potential model [33|, |3J] determines ^3 7°. 

For uj and (j) vector mesons states, we consider ideal mixing i.e. uj = -^{uu + dd) and cf) = -j=[ss) 



III. METHODOLOGY 
A. Weak Hamiltonian 



The QCD modified weak Hamiltonian [35l ] generating the B^. decay involving b ^ c transition in 
Cabibbo-Kobayashi-Maskawa (CKM) enhanced modes (A6 = 1, AC = 1, AS* = 0; Ab = 1, AC = 
0, AS = —1) is given by 

H^'=' = ^{K,Kd[ci(/^)(c6)((in) + C2(/i)(c^)(J6)] 

+VcbV*,[ci{fi){cb){sc) + C2(/i)(cc)(s6)] 
+VcbV*,[ci{fi){cb){su) + C2{fi){cu){sb)] 

+VM[ciifi)icb){dc) + C2ifi){cc)idb)]} (10) 

and CKM suppressed (A6 = 1,AC = 1,AS = -1; Afe = 1,AC = 1,A5 = 1; Ab = I, AC = 
— 1, AS = — 1; Ab = 1, AC = — 1, AS" = 0) b ^ u transitions is given by 

H^^=^ = ^{VutV:Aci{f^){ub){sc) + C2{f^){sb){uc^ 

+VubVud[<^i{tJ')iub){du) + C2ifJ-){db){uu)] 
+VubV*s[ci{fi){ub){su) + C2{n){sb){uu)] 

+VM[c,{fi){ub){dc) + C2{fi){uc){db)]} (11) 

where qq = ^7^(1 — 75)^, Gp is the Fermi constant and Vij are the CKM matrix elements, ci and 
C2 are the standard perturbative QCD coefficients, usually taken at /j, ^ m^. In addition to the 
bottom changing decays, the bottom conserving decay channel is also available for the Be meson, 
where the charm quark decays to an s or a d quark. However, in case of B^. — )• VA/AA decays, 
these modes are kinematically forbidden. 
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B. Decay Amplitudes 



In generalized factorization hypothesis the decay amphtudes can be expressed as a product of 
the matrix elements of weak currents (up to the weak scale factor of ^ x CKM elements x QCD 
factor) given by 



{PA\H^\B,) ~ (P| J^|0)(A| + (A| J'^|0)(P| J^l^e), 

{PA'\H^\B,) ~ {P\J''\0){A'\J^\B,) + {A'\J^\0){P\J^\B,). 



(12) 



Using Lorentz invariance, the hadronic transition matrix elements 26h28|| for the relevant weak 
current between meson states can be expressed as 



{V{kv)\A^\0)=e*fvmv, 



{Vikv,e)\Vf,\B,{kBj) 



{V{kv,e)\A^\B,{kB:)) = {mB^+mv)elA^^^{q^) - {e* ■ kBjikB^+k)^ 



^f^(g^) 
rriB^ + my 



BcV /2\ 



where q = {kB, - V)^, ^^(0) = V^f (0) and 



rBcV I 



(13) 



2my 2my 
Similarly, for axial vector meson states: 

{A{kA,e)\A^\Qi) =elmAfA, 
{A'{kA',e)\Af,\0) =e*^mA'fA', 
{A{kA,e)\V^\Bc{kBj) =le*^ + c+{e* ■kBjikB^+kAjf. + c-ie* -keJikB, - kA)^, 
{A{kA,e)\A^\B,{kBj) = iqe^,o.pe*''{kB^ + kA^kB^ - kA^, 
{A'{kA',e) \V^\ Bc{kB,)) = re* + s+(e* • kB,){kB, + kA')i, + S-(e* • kB^kB, - kA')^, 
{A'{kA,e)\A^\B,{kBj) = ive^,a^e*''{kB^ + kA'TikB^ - kA'f , 



(14) 



(15) 



(16) 



where q^ = {kB, - kA)t,- 

It may be noted that Be — )• A/ A' transition form factors in ISGW II framework are related to 
BSW type form factor [2^ notations i.e. A, Vo,i,2 as follows 

Mq"^) = -q'{q^){niB,+mA)] 

Vi{q') = l{q')/{mB^+mA); 

V2{q^) = -c+{q^){mB, + m^); 
1 



Vo{q') 



{2mA) 



[{niB, + mA)Vi{q^) - {mB, - mA)V2{q^) - q^C-{q^)]. 



(17) 
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Sandwiching the weak Hamiltonian (3.1) and (3.2) between the initial and the final states, the 
decay amplitudes for various Be — )• MA decay modes (M = V or A) can be obtained for the 
following three categories [28l |: 

1. Class I transitions: contain those decays which are caused by color favored diagram and 
the decay amplitudes are proportional to ai, where ai(/u) = ci(/.f) + -^C2(/i), and is the 
number of colors. 

2. Class II transitions: consist of those decays which are caused by color suppressed diagrams. 
The decay amplitude in this class is proportional to 02 i.e. for the color suppressed modes 

02 (^) = C2{H) + ^Ci(^). 

3. Class III transitions: these decays are caused by the interference of color singlet and color 
neutral currents and consists both color favored and color suppressed diagrams i.e. the 
amplitudes oi and 02 interfere. 

For numerical calculations, we follow the convention of taking A'^c = 3 to fix the QCD coefficients 
ai and 02, where we use |35l |: 

ci(/u) = 1.12, C2(/i) = —0.26 at /i m^. 

A detailed analysis regarding Nc counting and role of color-octet current operators is available in 
34|. 



C. Decay Widths 

Like vector meson {V), axial- vector meson (A) also carry spin degrees of freedom, therefore, the 
decay rate [3l| of Be — )• VA is composed of three independent helicity amplitudes Hq, H^i and 
H^i, which is given by 

FiB, ^ MA) = -P^{\Ho\^ + + \H_^\^), (18) 

where pc is the magnitude of the three-momentum of a final-state particle in the rest frame of 
Be meson and M = V or A. Helicity amplitudes Hq, if+i and H^i are defined in terms of the 
coefficients a, b, and c as follows: 

i?±i = a ± c(x2 - l)^/^ Ho = -ax-bix"^ -1), (19) 

where 

222 
ml) — mi .r — rriA 

X = (20) 

2mAmM 

such that 

A{B ^ MA) EE eh^eU^^g^" + bk'^B.k'^B. + ice^'^f^kB^akM^]- (21) 

The coefficient a, b and c describe the s-, d- and p- wave contributions, respectively. rriM and 
niA denotes masses of respective mesons. 
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IV. DECAY CONSTANTS 



The decay constants for axial-vector mesons are defined by the matrix elements given in the 
previous section. It may be pointed out that the axial-vector meson states are represented by 3 x 3 
matrix and they transform under the charge conjugation [30| as 



M',{^Pi)^M^('Pi), M'XPi)^-M^CPi), (a = 1,2,3). (22) 

Since the weak axial-vector current transfers as (^/i)a — )• (^/x)^ under charge conjugation, the decay 
constant of the ^Pi meson should vanish in the SU(3) flavor limit 30 1. E xperimental information 



based on r decays gives decay constant /j<-^(1270) = 0.175±0.019 GeV [20|,|3l[, while decay constant 
for (1.400) can be obtained from relation /xi(1.400)//xi (1.270) = cot 6*1 i.e. /k, (1.400) = 
(—0.109 lb 0.12) GeV, for 9i = —58° used in the present work j3l[ |. In case of non-strange axial- 



vector mesons, Nardulli and Pham [36[ used mixing angle for strange axial vector mesons and SU(3) 
symmetry to determine fai = 0.223 GeV for 9i = —58°. Since, oi and fi lies in the same nonet we 
assume //j ~ fai under SU(3) symmetry. Due to charge conjugation invariance decay constants for 
Pi nonstrange neutral mesons 6?(1.235), /ii(1.170), and h[{1.380) vanish. Also, owing to G-parity 
conservation in the isospin limit decay constant /f,^ = 0. 

For decay constants of charmed and strange charmed states, we use Jdia — —0.127 GeV, 
fn' = 0.045 GeV, fD,.= -0.121 GeV, = 0.038 GeV, and U^, ^ -0.160 GeV 

On the other hand, the decay constants for vector mesons are relatively trivial, we use fp 



0.221 



GeV, fx* = 0.220 GeV /d* 
and fji^ = 0.411 GeV [2) ll5|, ISlI, 1371] in numerical calculations. 



0.245 GeV, fo* = 0.273 GeV, = 0.195 GeV, = 0.229 GeV, 



V. FORM FACTORS 



In this section, we give a short description to calculate Be ^ A and Be ^ V transition form 
factors. 



A. A/ A' transition form factors 



We use ISGW II Model [27[ to calculate B ^ A/A' transition form factors. ISGW model is 
a non-relativistic constituent quark model 26|], which obtain an exponential g^-dependence of the 



form factors. It employ variational solutions of the Schrdinger equation based on the harmonic 
oscillator wave functions, using the coulomb and linear potential. In general, the form factors 
evaluated are considered reliable at q'^ = q'^, the maximum momentum transfer (m^ — mx)'^. The 
reason being that the form-factor g^-dependence in the ISGW model is proportional to e~^'^"^~''^^ 
and hence the form factor decreases exponentially as a function of (g,^ ~ Q^)- This has been 



improved in the ISGW II model [27[ in which the form factor has a more realistic behavior at large 
{Qm ~ 'f') which is expressed in terms of a certain polynomial term. In addition to this, the ISGW 
II model incorporates a number of improvements, such as the heavy quark symmetry constraints, 
heavy-quark-symmetry-breaking color magnetic interaction, relativistic corrections etc. 
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The form factors have the following simplified expressions in the ISGW II model for Be 
transitions caused by 6 — )• c quark transition [26l . |27| | : 



c+ + c_ 



I = rhBjBA— + 
rfiA / , 



-(- 



rricrhAiijj — ^) ,5 + u) mcf^'^ 

6mg 2/i„/32^^ 



Be 



"^^bJb, 

rfiA 

'^^bJb, 

m, 



BcA, 



Cj + 2 



2m^^„/3 



Be A 



2m A /3 Be 6mg 



where 



^Be^Be r 1 mA , p(r) 



^mBefiBeVi'^^leAj 



, .... ,^2 



4-v/2mcmA 6\/2myi/3B^ 



t(= (7^) dependence is given by 



and 



^± = ( — + — . 



1 ^ 
W — 1 



2mBemA 



^ ^ "ifie mA 

^ ^ rriBe rriA 

p{c+-c-) ^ p{s+-s-) ^ _p^(^!^^-l/2^^-)-l/2 
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The function is given by 



V2 



Ma 
Pb^a 



/2 r 1 1 



(28) 



with 



X 



+ 



3m^ 



16 



ln[ 



asirric) 



(29) 



and 



(30) 



m is the sum of the mesons constituent quarks masses, rfi is the hyperfine averaged physical masses, 
71/ is the number of active flavors, which is taken to be five in the present case, tm = [it^b^ — mA)^ 
is the maximum momentum transfer and /xqm is the quark model scale. The values of parameter 
/3 for different s-wave and p-wave mesons are given in the Table I 26|, |27l] . We use the following 
quark masses 



rud = 0.31, nis = 0.49, rric = 1.7, and rrih = 5.0, 
to calculate the form factors for B^. — t- A/ A' transitions which are given in Tables II and III. 



B. Bc-^V transition form factors 



For Bc^V transition form factors we use our previous work 18|] based on BSW framework 
in which, one of the authors investigated the possible flavor dependence in Be — )• P/V form factors 
and consequently in Be — )• PP/PV decay widths. It may be noted that BSW model [28| the form 
factors depend upon the average transverse quark momentum inside a meson cj, which is fixed in 
the model to 0.40 GeV. However, it has been pointed out that oj being a dimensional quantity, may 
show flavor dependence. Therefore, it may not be justified to take the same lo for all the mesons. 
Following the analysis described in 1^, we estimate uj for different mesons from [-(/'(O)]^, i.e. square 
of the wave function at the origin obtained from the hyperfine splitting term for the meson masses, 
which in turn fixes quark masses (in GeV) to be m.^ = = 0.31, mg = 0.49, rric = 1.7, and 
nih = 5.0 for 0^(771^) = 0.19, as(mc) = 0.25, and as = 0.48 (for light flavors u, d and s). For 
further details we refer the interested reader to [18[. We find that all of the form factors get 
significantly enhanced due to flavor dependence of to. The obtained form factors are shown in 
Table IV. 
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It may also be noted that consistency with the Heavy Quark Symmetry (HQS) requires certain 



form factors such as Fi,Aq, A2 and V to have dipole g^-dependence 
following qi^-dependence for different form factors: 

2^ ^o(O) , , o^ ^l(O) 



with appropriate pole masses mj 



(1 



(1- ^ 

^2(0) 



and V{q^) 



V{0) 



(1 



Therefore, we use the 



VI. RESULTS AND DISCUSSIONS 

Using the decay constants and form factors described in Section IV and V, respectively, we 
predict the branching ratios of Be — s- VA and Be — )• AA decays in CKM favored and CKM 
suppressed modes. 



A. Be VA Decays 



The Branching ratios for Be decaying to a vector and an axial-vector meson in the final state 
for CKM favored and CKM suppressed modes are given in column 2 of Tables V-X. We also give 
the Helicity amplitudes of corresponding decay channels in columns 3, 4 and 5 of respective Tables 
V-X. We observe the following: 



For CKM favored modes 

1. The branching ratios for dominant decays in Cabibbo enhanced (A6 = 1, AC = 1, AS = 0) 
mode are: Br{B- J/i^a:[) = S.SSxlO"^; Br{Be P^Xa) = 1.32x10^3. Br(B^7 ^ p-Ki) 
= 1.16 X 10^^. The next order branching ratio is Br(S^ D*^D^) = 2.08 x 10"^ The 
branching ratios of the remaining decays are of the order of mag nitude (10"^ - 10"'^) except 
for B^ —7- J/ipa'^ decay which is 0(10"^). 

2. The dominant decay channels in Cabibbo favored {Ab = 1, AC = 0, AS = — 1) mode are 
those which consist one cc- meson in the final state i.e. Br(i3^ — )• J/ipDj^) = 2.10 x 10^^; 
{B- D*-Xci) = 1-00 X 10^3. Br(5- ^ D*~hei) = 7.63 x lO"'' and Br(5^7 ^ J/^D~i) 
= 5.84 X 10^^. The rest of the decay modes remains suppressed with branching ratios of 
0(10-7-10-11). 

3. It may be noted that the branching ratios for Be — > V A decays are higher for axial- vectors 
Ai^Pi) in the final state as compared to Ai^Pl) with same quark content except for strange 
axial meson emitting decays, which are roughly of the same order. 

4. We find that longitudinal Helicity amplitudes are higher in magnitude for all the decay modes. 
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For CKM suppressed modes 

1. It is interesting to note that branching ratios for CKM suppressed mode (A6 = 1, AC = 
1, AS* = —1) are of the order (10~^ ~ 10~^).The dominant decays are: Br(i?~ — t- J/iJjK^) 
= 2.22 X 10^^; {B^ J/ipK^) = 1-40 x 10^^; Br{B~ K*~Xci) = 6.64 x 10"^ and 
Bt{B- K*-hci) = 5.81X 10-^ The next order decay has Bt{B~ D*^D~^) = 1.58x10-^. 
Branching ratios of the other decay modes are of 0(10"^ — 10~®). 

2. Only four decay channels have branching ratios of 0(10"^ — 10~^) in CKM suppressed {/Sb = 
1, AC = 1, A5 = 1) mode i.e. Bt{B~ JH^D^) = 1.24 x 10"^; Br(S- ^ D*^Xci) = 
4.62 xlO-^ Br(S- ^ = 3.65 xlQ-^ and Br(S^- ^ J/i^Di) = 3.17 xlO'^ Though, 
branching ratios for B~ — t- p~D^, B~ — t- p~Dj^ and B^ — t- D*^a^ decays are of 0{W~^), 
which may also be of experimental interest in near future. 

3. In {Ab =1, AC = -1, AS = -1) mode, branching ratios for (B" D*-D\), [B' 
Dl-D[) and (B" ^ D--^D*^) decays are 1.88xl0-^ 1.58x10"*^ and 1.20xl0-^ respectively. 
However, branching ratios for (Ab = 1, AC = —1, AS" = 0) mode remains highly suppressed. 

4. Here also, branching ratios for decays involving A{^Pi) mesons in the final state are higher 
than their A{^Pi) partners for same flavor content. However, for decays involving Ki and 
K l the branching ratios are of same order. 

5. The longitudinal Helicity amplitudes for the CKM suppressed decays show same trend as 
observed in CKM favored modes. 



B. AA Decays 

The calculated branching ratios for Be decaying to two axial-vector mesons in the final state 
for CKM favored and CKM suppressed modes are given in column 2 of Tables XI-XVI. The cor- 
responding Helicity amplitudes of decay channels are presented in columns 3, 4 and 5 of Tables 
XI-XVI. We made the following observations: 



For CKM favored modes 

1. The branching ratios for Be — )• AA decays are smaller than those for Be — )• VA decays by an 
order of magnitude in corresponding CKM modes. 

2. The dominant decays in Cabibbo enhanced {Ab = 1, AC = 1, AS = 0) mode have branching 
ratios: Br(5- Xcio]") = 1-70 x 10"^; Bt{B~ Kia];) = 1.28 x 10""^. The next order 
branching ratio is Br(i?~ — )■ D^) = 2.21 x 10^^. The order of magnitude for branching 
ratios of the remaining decays ranges from (10~^) ~ (10^^*^) in this mode. 
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3. In Cabibbo favored (A5 = 1, AC = 0, AS* = — 1) mode, the dominant decay channels 
are: Bi{B- ^ D;^Xci) = 1-07 x IQ-^ {B' ^ h,iD;^) = 2.96 x 10"^ Bt{B- ^ Dj.Xd) = 
2.61 X 10"^ and Br{B;: hciD~^) = 1.10 x 10"^ The remaining decay modes are suppressed 
with branching ratios of 0(10"^ ~ 10"^^). 

4. In case of Hehcity amplitudes we observe that magnitude of longitudinal compositions are 
higher for all the decay modes. 



For CKM suppressed modes 

1. In CKM suppressed mode (A6 = 1, AC = 1, AS = —1) the highest order of magnitude for 
branching ratios of dominant decays is ~ (10^^ - 10^6) i.e. Bi{B~ XciKi) = 1-11 x 10"^; 
Bi{B- XciK{) = 6.35 X 10"^ Br{B^ KiK^) = 6.23 x 10^^ and Bi{B~ /ici^f) 
= 4.69 X 10^^. The next order decays have branching ratios of the other decay modes are of 
0(10^7 ~ 10^8)_ 

2. Likewise (AC = 1, AS = —1), the dominant decay channels have branching ratios of 0(10^^) 
in CKM suppressed (A6 = 1, AC = 1, AS = 1) mode i.e. By{B- D^Xd) = 6.56 x 10"^; 
{B^ D^a];) = 3.20 x 10"^ Br{B^ R^Xd) = 1-55 x 10"^ and Br{B- D^hd) = 

a — ~ _ — 

1.61 X 10^ . However, branching ratios for B~ — )• D_i and B^ — )• hd decays are of 
0(10^7). 

3. Decay channels in CKM suppressed (A6 = 1, AC = -1, AS = -1) and (A6 = 1, AC = 
— 1, AS = 0) modes remain highly suppressed with Br{B^ — t- D^iD_i) = 1.61 x 10~^. 
B~ — )• D^D~^ and B^ — ?• D^gi^i decays have branching ratios 0(10"^). 

4. As noticed in all the previous cases, longitudinal Helicity amplitudes have higher magnitude 
in comparison to transverse components. 

We wish to emphasize that with remarkable improvements in experiment and sophisticated in- 
strumentation branching ratios of the order of (10~^) could be measured precisely 3^ at LHC, 



LHC-b and Super-B factories in near future. Therefore, it may provide the necessary information 
for phenomenological study of Be meson physics. 

Since, there is no experimental information available at present for such decays, we compare 
our results with other theoretical works (see Table XVII). There are several theoretical models like 



Bethe-Salpeter approac h ( BSA) 25l | , Relativistic Quark Model (RQM) |13l . |23I | , Non Relativistic 
Quark Model (NRQM) [15[ etc. which give their predictions for Be — s- VA decays with charmonium 
in the final state. We find that results given by different models are comparable with some excep- 
tions. We have used oi = 1.12 to obtain branching ratios for these models in Table of comparison. 



It may be noted that H.F. Fu et al. |2j] also predict branching ratios of few decay modes namely 
B~ — >• hciD*~ /xciD*~ / J/ijjD~^/ J/ipD_~i. Their predictions are lager than our results by an order 
of magnitude except for B^ — )• XciD*~ which is comparable to our prediction. In addition to 
these, H.F. Fu et al. 2J] predict branching ratios of B~ — )■ D^^(j)^ / D^^fj)^ / D_~iK*^ decays based 
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on contributions from penguin diagrams which we ignore in the present analysis. We wish remark 
here that for Be — )• A A decays, theoretical predictions for only four decay channels are available for 
comparison i.e. B~ — )• hciD~^/ hdD^i/ XciD~i/ XciD^i |24|. H ere also, branching ratios predicted 



in present work are small as compared to results given by 



24]. 



VII. SUMMARY AND CONCLUSIONS 

In the present work we have calculated Be ^ A transition form factors using ISGW II model 
framework. Consequently, we have predicted branching ratios of Be — s- VA/AA decays. We have 
used flavor dependent Be ^ V transition form factors in BSW Model framework. Also, we have 
calculated the Helicity components corresponding to different polarization amplitudes in Be — s- 
VA/AA decays. We draw the following conclusions: 

1. In case of Be — )• VA mode, CKM enhanced (A6 = 1, AC = 1, AS = 0) dominant decays 
are B~ — t- J/ipa'^., B^ — t- p^Xci and B^ — t- p~hei, while the dominant decays in (Ab = 
1, AC = 0, AS" = -1) are B^ D*-Xei, B~ D*~hei, B^ J/i^D"^, B' J/ipD'^. 
Their branching ratios range from 10-3 - 10"^^ 

2. Branching ratios of CKM enhanced modes in case of Be — )■ A A decays are smaller by an 
order of magnitude in comparison to those in Be — > VA decays. The dominant decays are: 
B~ — )• Xcio-i , B~ — )• heia'^ and B~ — )• D~^Xci- Here, also the branching ratios range from 
10-4 - 10-10. 

3. In CKM suppressed modes, the branching ratios are further small by an order of magnitude 
for both Be — s- VA and Be — s- A A decays. The branching ratios for the dominant decays 
B~ — )• J/tpK^ , B~ — )• J/ipK_Y and B~ — )• J/tpD^ are of the order of magnitude (IQ-^). 

4. In general, branching ratios of Be — ?• VA decays involving axial- vector A{^Pi) in the final 
state are larger in comparison to the decays involving axial-vector A(^Pi) in final state. 

5. The magnitude of Helicity component for longitudinal polarization amplitude is larger in 
comparison to the transverse amplitudes. 

Since, LHC and LHC-b are expected to accumulate data for more than 10^'^ Be events per year, 
we hope that predicted BRs would be measured soon in these experiments. 
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TABLE I: The values of f3 parameter for s-wave and p-wave mesons in the ISGW II quark 

model. 





















Quark content 


ud 


us 


ss 


cu 


cs 


ub 


sb 


cc be 


/3.(GeV) 


0.41 


0.44 


0.53 


0.45 


0.56 


0.43 


0.54 


0.88 0.92 


/3p (GeV) 


0.28 


0.30 


0.33 


0.33 


0.38 


0.35 


0.41 


0.52 0.60 



TABLE Ila: Be A transition form factors at q^ax i'^ ^^e ISGW II quark model. 





Modes 


Transition 


/ 


c+ 


c_ 


q' 


A6 = 


1, AC = 0,A5 = -1 




-3.529 


-0.048 


-0.006 


-0.074 


Be ^ D,i 


-2.860 


-0.061 


-0.006 


-0.095 


A6 = 


= 1,AC= 1,AS = 


Be Xci{cc) 


-1.182 


-0.103 


-0.006 


-0.130 






Be ai 


-0.243 


-0.036 


0.015 


-0.074 




1, AC = 0,A5 = -1 


Be^fl 


-0.242 


-0.036 


0.015 


-0.074 






Be ^ /; 


-0.363 


-0.049 


0.018 


-0.095 



TABLE lib: Be ^ A transition form factors (in BSW model type notations) at q^^^x i'^ ^^e 

ISGW II quark model. 





Modes 




Transition 


A 


Vl V2 


Vo 


A6 = 


1,AC = 0,A5 = 


-1 


Be Di 


0.646 


-0.406 0.421 


-1.081 


Be ^ ^.1 


0.829 


-0.326 0.535 


-1.00 


A6 = 


a, AC = 1, A5 = 


: 


Be Xcl{cC 


1.273 


-0.120 1.008 


-0.572 








Be —5- ffll 


0.553 


-0.032 0.270 


-0.495 


A6 = 


1,AC = 0,A5 = 


-1 


Be^fl 


0.558 


-0.032 0.272 


-0.476 








Be ^ /; 


0.733 


-0.047 0.378 


-0.626 
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TABLE Ilia: — ?■ A' transition form factors at f/^^^ in the ISGW II quark model. 





Modes 




Transition 


r s+ 


S- V 


Ab = 


1,AC = 0,A5 = 


-1 


B ^ Di 


2.825 0.083 


-0.055 0.057 


Be i2sl 


2.464 0.102 


-0.060 0.046 


Ab = 


=1, AC = 1, AS = 


: 


Be hci{cc) 


1.674 0.143 


-0.039 0.019 








B.^bi 


0.344 0.053 


-0.028 0.010 


Ab = 


1,AC = 0,AS = 


-1 


B^^hi 


0.337 0.054 


-0.029 0.011 








B- h\ 


0.512 0.074 


-0.037 0.014 



TABLE Illb: Be A' transition form factors (in BSW model type notations) at q'^ax. 

the ISGW II quark model. 







Modes 




Transition 


A Vi 


V2 Vq 


Ab = 


1, 


AC = 0,AS = 


-1 




-0.498 0.324 


-0.722 0.987 


Bc^D,, 


-0.150 0.101 


-0.200 0.320 


Ab = 


-1, 


AC = 1, AS = 


: 


Be hci{cc) 


-0.183 0.171 


-1.401 0.742 










B^ bi 


-0.079 0.046 


-0.401 0.677 


Ab = 


1, 


AC = 0,AS = 


-1 


B^ hi 


-0.080 0.045 


-0.402 0.702 










B- ^ h[ 


-0.105 0.067 


-0.566 0.866 



TABLE IV: Be transition form factors at = using flavor dependent u in BSW 

model [34]. 





Modes 




Transition V Ai A2 Aq 


A6 


= 1,AC = 0, AS = 


-1 


Be^ D 0.161 0.094 0.108 0.079 


Be 0.025 0.171 0.193 0.150 


Ab 


=1, AC =1, AS = 


: 


Be J/il^{cc) 0.919 0.624 0.741 0.564 








Be^ p 0.369 0.577 0.624 0.410 


Ah 


= l,AC = 0,AS = 


-1 


Be^oJ 0.272 0.424 0.460 0.296 








Be^<i) 0.150 0.217 0.245 0.144 
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TABLE V: Branching ratios and helicity amplitudes of — )■ VA decays for CKM-favored 

(A6 = 1, AC = 0, AS = -1) mode. 



Helicity Amplitudes 



Decays 


Branching Ratios 


l^ol 




l^+l 








Be 




3.88 X 10-^ 


-3 


1.61 X 10" 


-1 


3.57 X 10" 


-2 


1.01 X 10" 


-1 


Be 




2.72 X 10" 


-8 


4.25 X 10- 


-4 


9.44 X 10" 


-5 


2.67 X 10" 


-4 


Bc- 


P~Xcl 


1.32 X 10" 


3 


1.12 X 10" 


^1 


2.62 X 10- 


-2 


3.71 X 10" 


-3 


Bc 


P~hci 


1.16 X 10-^ 


-3 


1.08 X 10- 


-1 


1.02 X 10" 


-2 


4.95 X 10" 


-3 


Bc- 


-> D*^D~ 


2.08 X 10" 


-5 


1.30 X 10- 


-2 


4.81 X 10" 


-3 


1.77 X 10" 


-3 


Bc- 


-> D*^D^ 


1.73 X 10- 


-6 


3.73 X 10- 


-3 


1.30 X 10- 


-3 


7.73 X 10- 


-4 


Bc- 


-> D*-D^ 


8.50 X 10- 


-7 


1.67 X 10- 


-3 


1.15 X 10- 


-4 


2.28 X 10- 


-3 


Bc- 


-> D*~D^ 


2.65 X 10- 


-7 


9.34 X 10- 


-4 


6.34 X 10- 


-5 


1.27 X 10- 


-3 



TABLE VL Branching ratios and helicity amphtudes of B^. — > VA decays for CKM-favored 

(A6 = 1, AC = 0, AS = -1) mode. 



Decays 


Branching Ratios 


l^ol 




l^+l 








Be 




2.10 X 10" 


-3 


1.18 X 10" 


-1 


6.57 X 10" 


-2 


1.09 X 10- 


-1 


Be 




5.84 X 10" 


~4 


5.93 X 10" 


-2 


3.54 X 10" 


-2 


6.35 X 10- 


-2 


Be - 


DTXci 


1.00 X 10" 


-3 


9.65 X 10- 


-2 


7.78 X 10- 


-2 


1.70 X 10- 


-3 


Be- 


D*~hel 


7.63 X 10" 


-4 


9.84 X 10- 


-2 


3.86 X 10- 


-2 


2.53 X 10- 


-2 


Be- 




4.98 X 10" 


-7 


1.98 X 10- 


-3 


3.01 X 10- 


-4 


1.01 X 10" 


-4 


Be- 


K*-&1 


5.71 X 10" 


-8 


6.72 X 10" 


-4 


8.31 X 10" 


-5 


4.97 X 10" 


-5 


Be- 


D*^K^ 


3.69 X 10" 


-8 


4.44 X 10" 


-4 


1.77 X 10" 


-5 


3.03 X 10" 


-4 


Bc- 




5.93 X 10" 


-8 


5.52 X 10- 


-4 


2.64 X 10" 


-5 


4.07 X 10" 


-4 


Be 




1.02 X 10" 


-9 


7.63 X 10" 


-5 


4.58 X 10" 


-6 


4.76 X 10" 


-5 


Be 


^ Drfi 


1.03 X 10" 


-9 


7.58 X 10" 


-5 


4.74 X 10" 


-6 


4.94 X 10" 


-5 


Be 




4.71 X 10" 


-9 


1.94 X 10" 


-4 


3.18 X 10" 


-5 


8.11 X 10- 


-6 


Be 




3.41 X 10"^ 


10 


5.18 X 10- 


-5 


1.13 X 10" 


-5 


3.14 X 10- 


-6 


Be 




4.74 X 10" 


-9 


1.94 X 10- 


-4 


2.38 X 10- 


'5 


5.99 X 10- 


-6 


Be 


^ p'd;. 


3.56 X 10- 


10 


5.31 X 10- 


-5 


8.50 X 10- 


-6 


2.38 X 10- 


-6 


Be 




2.96 X 10- 


10 


4.84 X 10- 


-5 


6.04 X 10- 


-6 


1.52 X 10- 


-6 


Be 




2.22 X 10- 


11 


1.32 X 10" 


-5 


2.16 X 10" 


-6 


6.04 X 10- 


~7 
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TABLE VII: Branching ratios and helicity amplitudes of Be — )■ VA decays for 
CKM-suppressed {Ab = 1, AC = 1, AS = -1) mode. 



Helicity Amplitudes 



Decays 


Branching Ratios 


l^ol 




l^+l 




\H^\ 




Be 




1.40 X 10" 


-4 


3.03 X 10" 


-2 


6.99 X 10" 


-3 


1.97 X 10" 


-2 


Be 




2.22 X 10-^ 


-4 


3.74 X 10' 


-2 


9.64 X 10" 


-3 


2.64 X 10" 


-2 


Bc- 


K*-Xci 


6.64 X 10-^ 


-5 


2.51 X 10" 


-2 


6.89 X 10" 


-3 


9.75 X 10" 


-4 


Bc- 


-> K*-hci 


5.81 X 10-^ 


-5 


2.43 X 10" 


-2 


2.71 X 10" 


-3 


1.33 X 10" 


-3 


Bc- 


D*^D-^ 


1.58 X 10" 


-6 


3.63 X 10" 


-3 


1.28 X 10" 


-3 


3.63 X 10" 


-4 


Bc- 


D*^D-^ 


9.05 X 10- 


-8 


8.18 X 10" 


-4 


4.37 X 10" 


-4 


1.14 X 10" 


-4 


Bc- 


Dt-Dl 


1.41 X 10" 


-7 


7.19 X 10- 


-4 


8.82 X 10" 


-5 


9.14 X 10" 


-4 


Bc- 




4.40 X 10" 


-8 


4.01 X 10" 


-4 


4.89 X 10" 


-5 


5.10 X 10" 


-4 



TABLE VIII: Branching ratios and helicity amplitudes of Be — > VA decays for 
CKM-suppressed {Ab = 1, AC = 1, AS = -1) mode. 



Decays 


Branching Ratios 


l^ol 












Be 


J/ijD- 


1.24 X 10" 


-4 


2.82 X 10" 


-2 


1.54 X 10" 


-2 


2.66 X 10" 


-2 


Be 




3.17 X 10" 


-5 


1.36 X 10" 


-2 


7.26 X 10" 


-3 


1.44 X 10" 


-2 


Be - 




4.62 X 10" 


-5 


2.06 X 10" 


-2 


1.55 X 10" 


-2 


4.67 X 10" 


-4 


Be- 


D*-hel 


3.65 X 10" 


-5 


2.12 X 10" 


-2 


7.46 X 10" 


-3 


4.72 X 10" 


-3 


Be 




9.53 X 10" 


-6 


8.65 X 10" 


-3 


1.13 X 10" 


-3 


3.78 X 10" 


-4 


Be 


^ P Di 


1.12 X 10" 


-6 


2.96 X 10" 


-3 


3.12 X 10" 


-4 


1.87 X 10" 


-4 


Be 




1.02 X 10" 


-6 


2.36 X 10" 


-3 


9.07 X 10" 


-5 


1.55 X 10" 


-3 


Be 




7.14 X 10" 


12 


6.24 X 10" 


-6 


2.40 X 10" 


-7 


4.10 X 10" 


-6 


Be 


^ P^Di 


5.54 X 10" 


~8 


6.59 X 10" 


-4 


8.61 X 10" 


-5 


2.88 X 10" 


-5 


Be 


-^p'm 


6.48 X 10" 


-9 


2.26 X 10" 


-4 


2.38 X 10" 


-5 


1.42 X 10" 


-5 


Be 




5.58 X 10" 


-8 


6.63 X 10" 


-4 


1.16 X 10" 


-4 


3.91 X 10" 


-5 


Be 




6.25 X 10" 


-9 


2.22 X 10" 


-4 


3.19 X 10" 


-5 


1.91 X 10" 


-5 


Be 


D*-a\ 


5.82 X 10" 


-9 


1.78 X 10" 


-4 


6.85 X 10" 


-6 


1.17 X 10" 


-4 


Be 


D*-fi 


5.87 X 10" 


-9 


1.77 X 10" 


-4 


7.07 X 10" 


-6 


1.21 X 10" 


-4 


Be 


— )• ioD^ 


3.46 X 10" 


-9 


1.65 X 10" 


-4 


2.18 X 10" 


-5 


7.31 X 10" 


-6 


Be 


— )• ioD.1 


4.04 X 10" 


10 


5.64 X 10" 


-5 


6.04 X 10" 


-6 


3.61 X 10" 


~6 
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TABLE IX: Branching ratios and helicity amphtudes of — )■ VA decays for 
CKM-suppressed {Ab = 1, AC = -1, AS = 0) mode. 





Decays 




Branching Ratios 


Hehcity Amphtudes 






\Ho\ \H+\ \B~\ 


Be 


^ D*- 


m 


7.62 X lO^'^ 


2.49 X 10-3 9.10 X 10"^ 3.80 x lO"'' 


Be 


D*- 




6.53 X 


7.23 X 10""^ 2.47 x 10"'^ 1.72 x 10"^ 


Be 






6.10 X 


5.83 X 10-"^ 1.20 X 10"^ 4.69 x 10"^ 



B- D*^D^ 1.40 X 10~s 2.54 x lO""^ 3.85 x 10"^ 2.57 x 10"^ 



TABLE X: Branching ratios and hehcity amphtudes of B^. — > VA decays for 
CKM-suppressed (Afe = 1, AC = -1, AS = -1) mode. 





Decays 


Branching Ratios 


Helicity Amplitudes 




\Hq\ \h+\ \b~\ 


Be 




1.88 X 10"^ 


1.24 X 10~2 4.79 X 10-3 2.13 x 10-^ 


Be 


^ D*-Di 


1.58 X 10"^ 


3.55 X 10"3 1.30 X 10-3 9.60 x 10"^ 


Be 




1.20 X 10^6 


2.71 X 10-3 5.88 X 10-^ 1.92 x 10-3 



B- D*^!^^^ 2.71 X lO-'^ 1.11 X 10-3 2.36 x 10-^ 1.15 x 10-3 



TABLE XL Branching ratios and hehcity amphtudes of B^. — )■ AA decays for CKM-favored 

{Ah = 1, AC = 1, AS = 0) mode. 



Helicity Amplitudes 
Branching Ratios ■ ■ ■ ■ ■ 

\Hq\ 



Be- 


-> XelO-i 


1.70 X 10" 


-4 


2.09 X 10" 


-4 


6.01 X 10" 


-3 


4.23 X 10" 


-2 


Be- 


biXcl 


1.19 X 10" 


-9 


5.45 X 10" 


-7 


1.59 X 10" 


-5 


1.12 X 10" 


-4 


Be- 


hcia^ 


1.28 X 10" 


-4 


3.22 X 10" 


-2 


8.32 X 10" 


-3 


1.67 X 10" 


-2 


Be- 


hcibi 


8.94 X 10" 


10 


8.51 X 10" 


-5 


2.20 X 10" 


-5 


4.42 X 10" 


-5 


Be- 


-> D^D^l 


2.21 X 10" 


-6 


3.57 X 10" 


-3 


1.14 X 10" 


-3 


2.98 X 10" 


-3 


Be- 


D^iDi 


6.87 X 10- 


-7 


1.99 X 10" 


-3 


6.33 X 10" 


-4 


1.66 X 10" 


-3 


Be- 




2.60 X 10" 


-7 


1.36 X 10" 


-3 


4.72 X 10" 


-4 


7.95 X 10" 


-4 


Be- 




8.13 X 10" 


-8 


7.59 X 10-^ 


-4 


2.63 X 10" 


-4 


4.44 X 10" 


-4 
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TABLE XII: Branching ratios and helicity amplitudes of — ?■ AA decays for 
CKM-favored (A6 = 1, AC = 0, = -1) mode. 





Decays 


Branching Ratios 


Helicity Amplitudes 






l^ol 




l^+l 




\H^\ 




Be 


^ helD'i 


2.96 X 10" 


~5 


5.43 X 10" 


-3 


1.36 X 10" 


-2 


1.90 X 10" 


-2 


Be 




1.07 X 10" 


-4 


1.51 X 10" 


-2 


2.19 X 10" 


-3 


4.24 X 10" 


-2 


Be 


RsiXci 


2.61 X 10" 


~5 


7.74 X 10" 


-3 


3.70 X 10" 


-4 


2.20 X 10" 


-2 


Be 


heiD-i 


1.10 X 10" 


-5 


4.75 X 10" 


-3 


8.66 X 10" 


-3 


1.17 X 10" 


^2 


Be 




1.79 X 10" 


-7 


1.12 X 10" 


-3 


1.68 X 10" 


-4 


4.94 X 10" 


-4 


Be 




1.22 X 10" 


-8 


2.99 X 10" 


-4 


5.99 X 10" 


-5 


1.01 X 10" 


-4 


Be 




1.14 X 10" 


-7 


9.06 X 10" 


-4 


1.21 X 10" 


^4 


3.59 X 10- 


-4 


Be 




1.86 X 10" 


-8 


3.66 X 10" 


-4 


8.14 X 10" 


-5 


1.36 X 10" 


-4 


Be 




2.02 X 10" 


10 


3.90 X 10" 


-5 


3.85 X 10" 


-6 


1.38 X 10" 


-5 


Be 




1.95 X 10"" 


10 


3.83 X 10" 


-5 


4.02 X 10" 


-6 


1.41 X 10" 


-5 


Be 




7.25 X 10" 


■10 


6.72 X 10" 


-5 


9.81 X 10" 


-6 


3.87 X 10" 


-5 



B- D^Ji 7.29 X 10-1° 6.68 x 10""^ 1.02 x 10"^ 4.02 x 10"^ 



TABLE XIII: Branching ratios and helicity amplitudes of Be — > AA decays for 
CKM-suppressed (A6 = 1, AC = 1, A5 = -1) mode. 



Helicity Amplitudes 

Branching Ratios ■ ■ ■ ■ ■ 

\Hq\ \h^\ 



Be- 


■^KiXci 


1.11 X 10" 


-5 


3.17 X 10" 


-4 


1.56 X 10" 


-3 


1.10 X 10" 


-2 


Be- 


XciK^ 


6.35 X 10" 


-6 


8.98 X 10" 


-5 


1.17 X 10" 


-3 


8.22 X 10" 


-3 


Be- 


-> heiK^ 


4.69 X 10" 


-6 


6.12 X 10" 


-3 


1.67 X 10" 


-3 


3.32 X 10" 


-3 


Be- 


-> helKl 


6.23 X 10" 


-6 


6.70 X 10" 


-3 


2.29 X 10" 


-3 


4.46 X 10" 


-3 


Be- 




1.05 X 10" 


-7 


6.54 X 10" 


-4 


2.34 X 10" 


-4 


7.84 X 10" 


-4 


Be- 




3.26 X 10" 


-8 


3.65 X 10" 


-4 


1.30 X 10" 


-4 


4.36 X 10" 


-4 


Be- 




2.03 X 10" 


-8 


3.81 X 10" 


-4 


6.66 X 10" 


-5 


2.62 X 10" 


-4 


Be- 




6.35 X 10" 


-9 


2.13 X 10" 


-4 


3.70 X 10" 


-5 


1.46 X 10" 


-4 
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TABLE XIV: Branching ratios and helicity amplitudes of — )■ AA decays for 
CKM-suppressed (A6 = 1, AC = 0, AS = 0) mode. 



Decays 


Branching Ratios 


Helicity Amplitudes 




l^ol 




l^+l 








Be 




1.55 X 10' 


-6 


1.65 X 10" 


-3 


6.74 X IQ- 


'S 


5.06 X 10" 


-3 


Be 




6.56 X 10" 


-6 


3.77 X 10' 


-3 


5.20 X 10' 


-4 


1.03 X 10' 


-2 


Be 


^ helD^ 


1.69 X 10' 


-6 


1.09 X 10' 


-3 


3.17 X IQ- 


-3 


4.51 X 10" 


-3 


Be 


^ heim 


5.26 X 10' 


-7 


5.86 X 10' 


-4 


1.76 X IQ- 


-3 


2.52 X 10" 


-3 


Be 




3.20 X 10' 


-6 


4.81 X 10' 


-3 


6.16 X 10" 


-4 


1.83 X 10" 


-3 


Be 




2.24 X IQ- 


11 


1.27 X 10" 


-5 


1.63 X IQ- 


-6 


4.85 X 10' 


-6 


Be 




3.18 X 10' 


-7 


1.52 X 10" 


-3 


3.03 X IQ- 


-4 


5.07 X 10' 


-4 


Be 




2.23 X IQ- 


-12 


4.03 X 10" 


-6 


8.00 X 10' 


-7 


1.34 X 10' 


-6 


Be 




1.86 X 10" 


-8 


3.66 X 10" 


-4 


4.70 X 10' 


-5 


1.40 X 10" 


-4 


Be 




1.85 X 10" 


-8 


3.64 X 10" 


-4 


4.90 X 10" 


-5 


1.45 X 10" 


-4 


Be 




1.85 X 10" 


-9 


1.16 X 10" 


-4 


2.31 X ID- 


-5 


3.86 X 10" 


-5 



Be Hifi 1-78 X 10"^ 1.14 X 10-^ 2.38 x 10"^ 3.95 x 10"^ 



TABLE XV: Branching ratios and hehcity amphtudes of Be — )■ AA decays for 
CKM-suppressed (A6 = 1, AC = -1, A5 = 0) mode. 





Decays 


Branching Ratios 


Helicity Amplitudes 




1 B{) 1 1 Hj^ 1 1 H— 1 


Be 




9.66 X 10"*^ 


7.47 X 10"'' 2.38 x 10"^ 6.23 x lO"'^ 


Be 




2.78 X 10-s 


4.04 X 10"'' 1.29 X 10"^ 3.29 x 10"^ 


Be 


^^i^r 


1.28 X 10^*^ 


2.97 X 10"'' 1.02 X 10"^ 1.84 x lO--^ 



Be ifiDi 3.56 X 10-9 1.59 x lO""^ 5.50 x lO'^ 9.28 x IQ-^ 



TABLE XVL Branching ratios and hehcity amphtudes of Be — )■ AA decays for 
CKM-suppressed (A6 = 1, AC = -1, A^ = -1) mode. 





Decays 


Branching Ratios 


Helicity Amplitudes 






\Hq\ H+ 




Be 




1.61 X 10' 


-6 


3.00 X 10-3 9.84 X 10-"^ 2.63 x 10" 


-3 


Be 




2.23 X 10' 


-7 


1.23 X 10-3 4.23 X 10-^ 8.05 x 10" 


-4 


Be 




5.89 X 10' 


-7 


1.85 X 10-3 6.07 X 10-^ 1.59 x 10" 


-3 


Be 




7.54 X 10" 


"8 


7.35 X 10-'' 2.49 x IQ-'' 4.53 x 10" 


-4 
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TABLE XVII: Comparison of branching ratios with available theoretical works. 





Decays 


This Work 


[25j 




[23J 




[13J 




[15j 






' XclP~ 


1.32 X 10~2 


2.19 X 10" 


-4 


1.4 X 10" 


'4 


2.86 X 10" 


-4 


9.64 X 10" 


-5 


Be 


' hcip~ 


1.16 X 10^2 


2.19 X 10" 


-3 


9.73 X 10" 


-4 


2.44 X 10" 


-3 


1.24 X 10" 


-3 


Be 


^ XciK*- 


6.64 X 10"^ 


1.58 X 10" 


-5 


8.77 X 10" 


-6 


1.75 X 10" 


-5 


7.01 X 10" 


-6 


Be 




5.81 X 10-5 


1.23 X 10" 


-4 


6.75 X 10" 


-5 


1.28 X 10" 


-4 


6.84 X 10" 


-5 
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